The existence of pulsations in HgMn stars is still being debated. To provide the first unambiguous observational detection of pulsations in this class of chemically peculiar objects, the bright star HD 45975 was monitored for nearly two months by the CoRoT satellite. Independent analyses of the light curve provides evidence of monoperiodic variations with a frequency of 0.7572 d −1 and a peakto-peak amplitude of ∼2800 ppm. Multisite, ground-based spectroscopic observations overlapping the CoRoT observations show the star to be a long-period, single-lined binary. Furthermore, with the notable exception of mercury, they reveal the same periodicity as in photometry in the line moments of chemical species exhibiting strong overabundances (e.g., Mn and Y). In contrast, lines of other elements do not show significant variations. As found in other HgMn stars, the pattern of variability consists in an absorption bump moving redwards across the line profiles. We argue that the photometric and spectroscopic changes are more consistent with an interpretation in terms of rotational modulation of spots at the stellar surface. In this framework, the existence of pulsations producing photometric variations above the ∼50 ppm level is unlikely in HD 45975. This provides strong constraints on the excitation/damping of pulsation modes in this HgMn star.
Introduction
A significant fraction of the stars of the upper main sequence conspicuously show abundance anomalies. One of the most spectacular examples are the so-called HgMn stars, which display extreme enhancements of manganese and mercury with overabundances that can reach up to 3 and 6 dex, respectively. Other elements (especially the heaviest ones) are also found to exhibit large deviations from the solar pattern and are either dramatically enhanced or depleted at the surface. In addition, isotopic ratios largely departing from the terrestrial values are commonplace (e.g., Hubrig et al. 1999; Dolk et al. 2003) . The abundances (e.g., Mn; Smith & Dworetsky 1993) or isotopic ratios (e.g., Hg; Smith 1997) of some elements appear to be correlated with the effective temperature. These late, main-sequence B stars have effective temperatures ranging from 10 500 to 15 000 K and masses roughly between 2.5 and 5 M ⊙ (e.g., Adelman et al. 2003) . They are also often found in binary systems (e.g., Catanzaro & Leto 2004; Schöller et al. 2010 Schöller et al. , 2012 .
They are characterised by little evidence of turbulent motions in their atmospheres, weak stellar winds, and a generally slow rotation rate. Under such stable conditions and the lack of significant large-scale fluid motions in their interior, atomic diffusion is able to operate efficiently and to lead to the segregation of several chemical species as the result of a delicate balance between radiative forces and gravity (Michaud 1970 and, e.g., Alecian & Michaud 1981 for HgMn stars). Diffusion provides a sound working hypothesis for modelling the bewildering array of elemental and isotopic abundances presented by HgMn stars, and these objects are considered as ideal laboratories for studying such hydrodynamical processes in detail. However, a number of key observational facts have still not been successfully modelled or may even challenge our very understanding of these objects. It is therefore important to provide observational evidence that other key physical processes are (or not) at work in HgMn stars. In particular, substantial effort has recently been directed towards detecting magnetic fields in these chemically peculiar objects (e.g., Wade et al. 2006; Makaganiuk et al. 2011a; Hubrig et al. 2012; Kochukhov et al. 2013) .
The detection of pulsational instabilities in these stars would provide an opportunity to examine the excitation and damping of pulsation modes in stars with extreme manifestations of atomic diffusion processes. However, only a few theoretical and observational studies have been conducted so far. The models of Turcotte & Richard (2003) predict that HgMn stars should present a large iron opacity bump at about 2 × 10 5 K that would be very favourable to driving pulsations through the κ mechanism. Calculations by Alecian et al. (2009) also suggest the excitation of non-radial g modes as found in slowly pulsating B stars (SPBs) . From the observational side, however, single HgMn stars do not show any evidence of large photometric changes (Adelman 1998) . This is rather unexpected considering the theoretical predictions, and it suggests that the models are still too crude and do not capture all the complexity of these objects, as indeed cautioned by Turcotte & Richard (2003 , Turcotte (2005) , and Alecian et al. (2009) .
Much tighter observational constraints have recently been provided by ultra-high precision photometric observations with the CoRoT satellite (Baglin et al. 2009 ), which revealed for the first time periodic (with periods of 2.53 and 4.3 d) and lowamplitude (less than 1.6 mmag) changes compatible with pulsational instabilities in two faint (V > 12 mag) HgMn stars in the exoplanet fields (Alecian et al. 2009 ). As discussed below, the existence of spatially-extended abundance patches has been established from spectroscopy in a few HgMn stars (e.g., Adelman et al. 2002) . However, arguments were presented that favour pulsations (as opposed to the rotational modulation of these structures) as being at the origin of the variability. Recent observations by the Kepler satellite (Borucki et al. 2010 ) have shown similar changes in the HgMn star KIC 612 8830 (Sloanlike g magnitude from KIC catalogue of 9.09 mag), namely nearly sinusoidal variations with a period of 4.84 d and a peakto-peak amplitude of 3600 ppm (Balona et al. 2011) . The variations observed were ascribed in this case to the rotational modulation of spots at the surface. A number of candidate variable HgMn stars have also been identified recently from observations with the STEREO spacecraft (Paunzen et al. 2013) . Although the space-borne observations with CoRoT and Kepler constitute by far the most sensitive search for pulsations in this class of objects, an unambiguous detection is unfortunately still lacking because the rotational modulation of abundance patches on the surface is also a viable interpretation for the changes observed both in terms of amplitudes and periodicities.
These patches may not necessarily result from magnetic activity. Kochukhov et al. (2007) first detected mercury clouds with secular evolution on the surface of the bright HgMn star α And. Among the processes invoked by these authors to explain these observations, they considered the time-dependent atomic diffusion scenario proposed by Alecian (1998) . Lineprofile variations have been detected during the last decade in several HgMn stars and interpreted in terms of abundance spots in the photosphere (e.g., Adelman et al. 2002; Kochukhov et al. 2005; Hubrig et al. 2006; Briquet et al. 2010) . These kinds of patches generally concern elements that have low abundances in normal stars (Sr, Y, Pt, Zr, and Hg) and which are suspected of being concentrated in high-altitude (above log τ = -4) clouds. Such clouds in the upper atmosphere have also been diagnosed by propagating waves in rapidly oscillating Ap (roAp) stars (e.g., Kochukhov & Ryabchikova 2001; Ryabchikova et al. 2002) . High-altitude, uniform accumulation of Hg due to atomic diffusion was first proposed by Michaud et al. (1974) in their attempt to understand isotope anomalies of the mercury observed in some Ap stars. Since that pioneering work, high-altitude accumulations have often been considered and discussed in papers devoted to modelling atomic diffusion in atmospheres. Recently, Alecian (2012) has proposed that abundance spots in some HgMn stars could be due to atomic diffusion in a weak (the diffusion velocity was computed for 100 Gauss in Alecian [2013] suggesting a cloud location at log τ = −4) 1 and faintly organised magnetic field in their atmosphere, i.e., multipolar, varying on small spatial scales, and difficult to detect (see also Alecian et al. 2009) . Besides the possible effect of weak magnetic fields on the formation of high-altitude spots of some elements, the buildup of stratifications in the upper atmosphere is very complex since this process is non-linear, time-dependent, and possibly unstable (see Alecian et al. 2011) . This could provide an additional mechanism for disrupting a uniform stratification pattern and forming horizontal spot-like discontinuities of accumulations.
In the course of our abundance study of the late B stars lying in the CoRoT fields of view (Niemczura et al. 2009 ), we have identified a poorly studied B9 V star (HD 45975; HIP 31011) with strong overabundances of Hg and Mn that identify it as a member of the HgMn class. The abundances of several other elements were also found to strongly depart from the solar mixture. We present observations of this star acquired over two months through the seismology channel of CoRoT. Rotational modulation and pulsational instabilities may lead to a different signature in the variations affecting the spectral features. Comparing the photometric and spectroscopic patterns of variability may therefore enable one to unambiguously establish the origin of the vari-ations. Our observations of HD 45975 have been collected over a shorter timespan than was the case for the three other HgMn stars observed from space with CoRoT or Kepler. However, the major advantage over previous investigations is that our target is easily amenable to monitoring from the ground of the spectral features thanks to its brightness (V ∼ 7.5 mag). To lift the ambiguity between rotational modulation and pulsations, we have therefore conducted multisite spectroscopic observations from the ground in parallel with the CoRoT observations.
Analysis of the CoRoT data
HD 45975 was observed by the CoRoT satellite during the short run SRa04 lasting 53 days between 2011 October 6 and November 28 with an average time sampling of 32 seconds.
Processing of the data: "imagettes"
Shortly after the beginning of the data acquisition, it appeared that the data may be affected by a faint contaminating star lying about 35
′′ to the north of HD 45975 (visible to the right of the main target in the left panel of Fig. 1 ). According to optical and near-infrared photometric data in the UCAC4 (Zacharias et al. 2013) , NOMAD (Zacharias et al. 2004) , and 2MASS (Cutri et al. 2003) catalogues, the visual companion is much redder and is fainter than HD 45975 by about four magnitudes in the V band. Spectra of this source were obtained at Tautenburg (see Sect. 3.1). This magnitude difference is consistent with the -much less precise -values derived from counts in spectra taken under similar conditions.
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The initial purpose of the small array centred on the target position (35 × 35 pixels acquired every 8 seconds) called "imagettes" in CoRoT terminology is to control the PSF (point spread function) and the masking of each target. However, it is possible to use these "imagettes" to estimate the effect of a contamination because the electron counts are available for each pixel of these images. The asteroseismology channel has a defocussed PSF. As shown in Fig. 1 , a small part of the contaminating source is not hidden by the numeric mask used to extract the light curve as an N2 data product. This mask is shown by the darker area around the target. To quantify this possible contamination, we considered a series of 2193 consecutive "imagettes" corresponding to 13 days of observations, with a 512 s binning. We measured the electron counts in these "imagettes", using two masks we defined for this specific case, one around the main target (mask 1) and the other one around the contaminating source (mask 2). These two masks are shown in Fig. 1 (right panels) on a reduced scale. The light curves we obtained through these masks are shown in Fig. 2 . These light curves were obtained from raw data (before the corrections were applied to produce the N2 data used in Sect.2.2). The ratio of the counts for the pixels delimited by the two masks is only a rough estimate of the brightness difference between the two sources, but it agrees with the magnitude difference of ∼4 mag in the optical band determined above. The photometric variations that appear for HD 45975 are clearly absent from the light curve of the contaminat- 2 We estimated the stellar parameters of this source using the mean TLS spectrum, Kurucz atmosphere models, the 2010 version of the line analysis software MOOG (Sneden 1973) , and the line list of Reddy et al. (2003) . This star appears to be a moderately metal-poor, G subgiant: T eff ∼ 5700 K, log g ∼ 3.5, and [Fe/H] ∼ -0.35. That it is less massive yet more evolved than HD 45975 suggests that they are not physically bound. 
Analysis of the light curve
We first removed all flagged measurements, such as those suffering from hot pixels during the passage through the South Atlantic Anomaly. We then subtracted a downward trend considered to have an instrumental origin because similar behaviour is visible in all CoRoT light curves (for details, see Auvergne et al. 2009 ). To remove the trend, we used different prescriptions, such as a linear approximation and a low-degree polynomial fit. It modified the low-frequency power excess that remained due to an imperfect detrending process (see below), but this did not affect the outcome of our analysis. The light curve consisting of 129 615 data points, to which a second-order polynomial trend has been removed, is shown in the upper panel of Fig. 3 . One can clearly see variations with a period of about 1.3 day and a peak-to-peak amplitude of about 2800 ppm. Two cycles are displayed in the middle panel of this figure. The amplitude of the signal is comparable to those found for the three other HgMn stars observed with high-precision, space-based photometry (Alecian et al. 2009; Balona et al. 2011) . The Fourier spectrum of the CoRoT light curve, computed with the Period04 software (Lenz & Breger 2005) , is shown in the upper panel of Fig. 4 . A dominant frequency at f 1 = 0.7572 d −1 (period of about 1.321 d), together with its harmonics 2 f 1 , as well as the aliases 2-f 1 and 2+ f 1 , is visible. The aliases are due to the presence of a peak at 2 d −1 , which is seen in all CoRoT light curves and is thus not intrinsic to the star. Auvergne et al. (2009) list some of the most important spurious sources of signal in CoRoT observations. One of them is Earth infrared emissivity, which has a nearly 24-hour cycle because of the night and day cycle of the Earth. This could possibly be the cause of this 2 d −1 feature. The Fourier spectra after prewhitening with f 1 and then with f 1 and 2 f 1 are displayed in the middle and bottom panels of Fig. 4 , respectively. Other peaks stand out, but they are not attributed to the star. Besides the peak at 2 d −1 discussed above, there are peaks linked to the orbital frequency of the CoRoT satellite, f orb = 13.97 d −1 . In the high-frequency domain above 20 d −1 , harmonics of the satellite orbital frequency up to 8 f orb are seen. After prewhitening with these artefacts, there is no evidence of additional frequencies that can be ascribed to the star down to an amplitude lower than ∼50 ppm. A harmonic fit with only f 1 and 2 f 1 is superimposed on the data in Fig. 3 .
An independent analysis using a different method for the treatment of the light curve (procedure ColiGcor; see Ghazaryan et al. 2013) led to the same conclusions regarding the 
Analysis of the ground-based observations

Observations and data reduction
The atmosphere of HgMn stars is highly dynamical and spots at the surface may evolve relatively rapidly Briquet et al. 2010; Korhonen et al. 2013) . It is therefore important to secure the spectroscopic data as closely as possible to (and, as far as possible, simultaneously with) the CoRoT observations. A coordinated, multisite campaign involving seven telescopes worldwide was therefore organised to support the CoRoT observations. Table 1 summarises the telescopes and instruments used. This is, to our knowledge, the most extensive spectroscopic monitoring of a HgMn star ever attempted.
The HERMES, TLS, PST, and UVES data overlapped the CoRoT observations, while the HARPS, GIRAFFE, and SARG ones were taken slightly after the end of the space observations. The HARPS spectra were obtained in the framework of the ESO large programme LP185.D-0056 (Poretti et al. 2013) . We also considered one archive FEROS spectrum obtained much earlier and retrieved from the GAUDI database (Solano et al. 2005) .
The HERMES data were reduced using the instrument pipeline (Raskin et al. 2011) . For the TLS spectra, standard ESO-MIDAS packages, and our own routine for determining the instrumental zero point in radial velocity that uses the telluric O 2 lines were employed. The PST spectra were reduced using a dedicated reduction pipeline (see Baranowski et al. 2009 ). The reduction of the UVES spectra was performed under the ESO- Notes. N is the total number of spectra collected, R is the mean resolving power, and ∆λ is the wavelength coverage. As discussed in Sect. 3.3, the S/N has been determined in a homogeneous way and is based on the 1-σ dispersion measured in continuum regions at ∼4500 Å (∼4965 Å for the TLS spectra). The HERMES and HARPS observations were carried out in the HRF and EGGS modes, respectively. a Estimated based on figures quoted in UVES User's manual between the resolving power and the slit width (here 0.4 and 0.3 ′′ for the blue and red arms, respectively); b The Grating Instrument for Radiation Analysis with a Fibre FedÉchelle (GIRAFFE) instrument is a replica of the MUSICOS spectrograph developed at Observatoire de Paris, Meudon (Baudrand & Böhm 1992) .
REFLEX
3 environment in interactive mode to allow for an optimal choice of the parameters. For the HARPS spectra, dedicated tools developed at Brera observatory were used (Poretti et al. 2013) . The GIRAFFE spectra were reduced using the SPEC2 package described by Balona et al. (1996) . For the SARG spectra, the usual reduction steps foréchelle spectra (i.e., bias subtraction, flat-field correction, removal of scattered light, order extraction, wavelength calibration, and merging of the orders) were carried out using the standard tasks implemented in the IRAF 4 software. The PST and GIRAFFE spectra are of much lower quality (see Table 1 ) and will not be discussed further. The TLS spectra only cover a few of the diagnostic lines used in the following and are also of lower quality than those obtained with HERMES, UVES, HARPS, and SARG. They therefore do not provide additional information. However, these data allowed us to characterise the nature of a contaminating source affecting the CoRoT observations (see footnote 1 in Sect. 2.1).
Fundamental parameters and chemical composition
Two abundance analyses (referred to in the following as "first" and "second" analyses) assuming local thermodynamic equilibrium (LTE) have been independently conducted employing different diagnostics, tools (e.g., codes, model atmospheres) and atomic data.
We first used line-blanketed, solar-metallicity atmospheric models computed with ATLAS9 and synthetic spectra calculated with SYNTHE (Kurucz 1993) . The line identification was based on a spectral atlas of the HgMn star HD 175640 (Castelli & Hubrig 2004) .
5 This was also the source of the atomic data. The wavelength intervals investigated were 3900-8500 Å for HERMES and 3315-3650 Å for UVES. We found T eff = 12 500±500 K and log g = 4.2±0.2 by finding the best 3 See http://www.eso.org/sci/software/reflex/. 4 IRAF is distributed by the National Optical Astronomy Observatories, operated by the Association of Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science Foundation.
5 See also: http://wwwuser.oat.ts.astro.it/castelli/ hd175640/tab3040-10000.html match between the observed Balmer line profiles and a library of synthetic spectra computed for solar metallicity. We also determined T eff and the microturbulence, ξ, by requiring that the abundances derived from line-profile fitting of a set of 65 Fe ii lines are independent of the lower excitation potential and strength. The surface gravity was frozen to the value derived above. We found T eff = 12 700 K and ξ = 0.5±0.5 km s −1 . These two values are supported by the analysis of other metal ions (Ti ii, Cr ii, and Mn ii). We closely followed the methodology presented by Niemczura et al. (2009) to determine the chemical abundances.
In the second approach, we simultaneously used the hydrogen lines measured in the HERMES spectra and the spectral energy distribution (SED) to estimate T eff and log g. We employed LLmodels model atmospheres (Shulyak et al. 2004) computed for an appropriate choice of abundances. As a source of atomic line parameters for opacity calculations and abundance determination, we used the VALD database (Piskunov et al. 1995; Kupka et al. 1999; Ryabchikova et al. 1999) . To analyse the hydrogen lines, we fitted synthetic spectra calculated with SYNTH3 (Kochukhov 2007) iteratively taking into account the individual abundances in the model calculation. Also considering the T eff and log g values estimated from the SED analysis (see below), we finally adopted T eff = 12 250±500 K and log g = 4.2±0.1. The Ti ii and Fe ii excitation equilibrium further confirmed the adopted T eff value.
The equivalent widths (EWs) of several weakly blended lines were analysed with a modified version (Tsymbal 1996) of the WIDTH9 code (Kurucz 1993) . By requiring no dependence for Ti ii and Fe ii between the abundances and the EWs, we obtained ξ = 1.0±1.0 km s −1 . The abundances were derived using synthetic spectra and the tools described in Fossati et al. (2007) . We made use of the average HERMES and UVES spectra for the visible (between the Balmer jump and the hydrogen Paschen series) and blue (beyond the Balmer jump) regions, respectively. Several Mn lines show flat cores indicative of the presence of hyperfine structure (HFS). Although we could not systematically take HFS into account owing to the unavailability of atomic data, this was done for 4 lines using the data of Holt et al. (1999) . For Ga ii λ6334, we adopted the atomic parameters of Jönsson et al. (2006) . We checked for overabundances of other elements typi-cally present in HgMn stars, such as Ne, P, Ar, Xe, and Cl (e.g., Dworetsky et al. 2008; Fossati et al. 2011a ). However, no lines of these species are confidently detected and increasing the abundances starting from the solar value leads to a worse fit to the observations. Figure 5 shows the fit of the synthetic fluxes, calculated with the fundamental parameters and abundances derived above, to the observed photometry. Our SED analysis was performed fitting simultaneously T eff , log g, the stellar radius, and the interstellar extinction. Adopting a reddening E(B-V) variable within the 0.00-0.05 range (Amôres & Lépine 2005), we obtained as best-fitting parameters: T eff = 12 000±250 K, log g = 4.2±0.3, R/R ⊙ = 1.8±0.5, and E(B-V) = 0.035±0.010 mag. The radius was obtained by fitting the synthetic fluxes to the fluxcalibrated photometry using the Hipparcos distance of 203±21 pc (van Leeuwen 2007) whose uncertainty constitutes the major source of error. Our value is not very dependent on the reddening because we make use of data covering a wide wavelength range, which includes the near-and mid-IR domains. We compared the observed Johnson and 2MASS photometric colours to synthetic ones calculated with the synthetic fluxes and extinction used in Fig. 5 (see Fossati et al. 2011b ). The agreement is below the 1σ level, confirming the validity of our atmospheric parameters. Table 2 summarises the results of the two abundance analyses. The parameters agree closely, and we consider T eff = 12 375±500 K and log g = 4.2±0.1 as final values. We note that such an effective temperature is not compatible with the B9 classification assigned in the SIMBAD database and is more typical of a B7 or B8 dwarf. This misclassification is likely due to the abnormal weakness of the He i lines (Dworetsky 1976 ). Line-profile fitting or computation of the Fourier transform (e.g., Reiners et al. 2001 ) for a set of unblended metal lines of different ions leads to v sin i = 61±2 km s −1 . The errors in the abundances arising from uncertainties in the adopted stellar parameters were estimated by repeating the calculations after varying in turn one of the three parameters (T eff , log g, and ξ) by its 1-σ uncertainty (500 K, 0.1 dex, and 0.5 km s −1 , respectively) while keeping the other two unchanged. These three sources of errors and the line-to-line scatter (a conservative estimate of 0.2 dex was assumed in case the abundance was based on a single line) were quadratically summed to obtain the final abundance uncertainties quoted in Table 2 . That the abundances derived by the two independent analyses agree within the errors for the vast majority of elements (see Fig. 6 ) suggests that these uncertainties are representative of the accuracy of our results.
The unusually high abundances previously reported by Niemczura et al. (2009) One caveat of our analysis is the neglect of departures from LTE. Non-LTE corrections for late B dwarfs have been computed by Hempel & Holweger (2003) for a number of elements. In the relevant temperature range (i.e., ignoring the dependence with other parameters), the following typical corrections (non-LTE minus LTE abundances) were obtained: C (∼+0.15 dex), O (∼-0.6 dex), Mg (∼-0.05 dex), Si (∼-0.2 dex), Ca (∼+0.2 dex), Fe (∼-0.05 dex), and Sr (∼+0.3 dex). It should be kept in mind that these calculations are based on modelling a set of spectral lines that are not necessarily those used in our abundance analysis (e.g., the O i triplet at ∼7770 Å). Furthermore, they may not apply to the peculiar conditions prevailing in the photospheres Notes. N is the number density of the species and n is the number of measured lines. The Mn and Ga abundances are given taking into account or ignoring HFS effects. For comparison purposes, the last column lists the (rescaled) solar abundances derived from 3D hydrodynamical model atmospheres (Asplund et al. 2009 ). a The gallium abundance is particularly uncertain because it depends on the treatment of the blended Ne i λ6334 line. of HgMn stars. With these limitations in mind, it is nonetheless very likely that the non-LTE corrections are substantial for some elements. A detailed investigation is, however, beyond the scope of this paper.
We also ignored the possible existence of a vertical stratification of the various chemical elements in the photosphere. Although there is no compelling observational evidence for this phenomenon in HgMn stars (Savanov & Hubrig 2003; Thiam et al. 2010; Makaganiuk et al. 2012) , an accumulation at different layers is supported by theoretical calculations (Sect. 4). However, even if present and taken into account in HD 45975, it is likely that our atmospheric parameters would remain within Thompson et al. 1995) , Johnson (crosses; Mermilliod & Mermilliod 1994) , 2MASS (diamonds; Cutri et al. 2003) , and WISE (squares; Cutri et al. 2012 ) photometry converted to physical units. We adopted the calibrations of Thompson et al. (1995) , Bessell et al. (1998) , van der Bliek et al. (1996) , and Wright et al. (2010) , respectively. The large deviation of the TD1 photometric point at ∼2740 Å is a well-known problem most likely of instrumental origin (e.g., Malagnini et al. 1983; Kjaergaard et al. 1984) , and this measurement was not taken into account during the fitting. All the horizontal error bars correspond to the full width at half-maximum of the filter transmission curves. A convolution was applied to the theoretical fluxes for visualisation purposes. Dotted lines show the effect of a 500 K temperature variation in the theoretical fluxes. Note the x-axis logarithmic scale of the right panel.
the uncertainties (see the analysis of an early Ap star by Pandey et al. 2011) .
With our parameters, the star appears to be situated in the instability strip for SPB-like oscillations (Fig. 7) . It should, however, be noted that neither rotation nor diffusion is implemented in these models. Using the visual magnitude, the bolometric corrections from Flower (1996) , and the reddening and distance derived above, we inferred log (L/L ⊙ ) = 1.84±0.11. As shown in Fig. 8 , a comparison with evolutionary tracks (Bertelli et al. 2009 ) shows that our T eff , log g, radius, and luminosity estimates are all compatible with a ∼3 M ⊙ star that is very close to the zero-age main sequence (ZAMS). HD 45975 lies in the NGC 2232 field of view, which is at a distance of about 352 pc (van Leeuwen 2009). It is unlikely that the star is a cluster member: its position with respect to evolutionary tracks would indicate a ∼3.5 M ⊙ star that has substantially evolved off the ZAMS, and with a log g significantly lower than our estimate. This conclusion agrees with the peculiar proper motion of HD 45975 compared to the cluster stars (van Leeuwen 2009).
Line-profile variations and binarity
A search for short-term line-profile variations was performed using the most extensive and highest quality time series (namely UVES, HARPS, HERMES, and SARG). The data discussed here were obtained over a relatively short time interval, and the possible superposition of secular changes arising from the dynamical evolution of the stellar atmosphere in case of spots at the surface (e.g., Kochukhov et al. 2007; Hubrig et al. 2010; Korhonen et al. 2013) should not be a concern when considering a single dataset. However, it cannot be ruled out that a lack of coherency is encountered when comparing one time series to another (for instance, the HERMES and SARG datasets are separated by ∼4 months). Neither four HERMES spectra taken much earlier than the CoRoT observations to explore the nature of the HgMn stars identified in the fields of view of the satellite (Niemczura et al. 2009 ) nor the two HARPS ones taken much later were considered because of large differences in radial velocity arising from binary motion (see below). Balona et al. 2011 ) is also shown. The determination of the parameters for KIC 612 8830 is discussed by Catanzaro et al. (2010) .
First, a set of unblended lines of some key elements was selected from an atlas of the HgMn star HD 175640 (Castelli & Hubrig 2004) . The lines investigated for line-profile variability were He i λ4713, Hg ii λ3984, Si ii λ4131, Mn ii λ4137, Mg ii λ4481, Cr ii λ4559, Ti ii λ3913, 4564, 4572, Y ii λ4900, 5663, and Fe ii λ5169. No gallium lines are unfortunately suitable because of blending with other atomic and/or telluric features. No strontium lines can be used either because of their extreme weakness (the Sr abundance is near or below solar in HD 45975; Table 2 ). In general, as was the case when estimating the abundances, the high rotation rate prevents any analysis of elements with intrinsically weak spectral features. To ensure consistency, all profiles for a given dataset were normalised using the same continuum regions and fitting functions.
We first investigated changes in the global line-profile properties by calculating the observed line moments (see, e.g., Fig. 8 . Position of HD 45975 in the Hertzsprung-Russell (HR) diagram assuming the final parameters (delimited by a 1-σ error box). Padova evolutionary tracks at solar metallicity (Bertelli et al. 2009 ) for masses of 2.5, 3.0, and 3.5 M ⊙ are overplotted. The radius of the 3.0 M ⊙ model on the ZAMS is 1.97 R ⊙ , while the log g is 4.33. Aerts et al. 1992 ) with FAMIAS (Zima 2008) . We examined changes in the zeroth (EW expressed in velocity units), first (centroid), second (variance), and third (skewness) moments of the line profile (referred to as M 0 , M 1 , M 2 , and M 3 in the following). The three last moments are normalised by M 0 . The moments were computed within fixed velocity intervals encompassing the line profile. To estimate the S/N, we also used FAMIAS and calculated the standard deviation in continuum regions in close vicinity to the line of interest for each exposure through an iterative sigma-clipping algorithm. A discrete Fourier transform was computed with a frequency step of (20∆T ) −1 (where ∆T is the total time span of the data) to detect periodic signals in these four quantities.
This led to negative results for the HERMES, SARG, and UVES data. For the HARPS data, however, a prominent peak in the power spectrum of M 0 and/or M 1 was repeatedly found at a frequency close to the one detected in the CoRoT data. This was also occasionally the case for M 3 (but not for M 2 ). Figure 9 shows representative examples in the case of Y ii λ4900. Unlike the CoRoT light curve, there is no significant power in the harmonics. The lack of detection for the other datasets is likely due to the much lower quality of the HERMES spectra, to the poor phase sampling of the SARG observations, and to the much lower number of spectra collected with UVES (16 against 75). We assume in the following that all these frequencies can be, within the errors, identified with f 1 (Sect. 2.2). Figure 10 shows the variations in the four moments folded with f 1 for all lines. We adopted a zero phase at maximum light (based on the CoRoT light curve to occur at HJD 2 455 819.514). The phase-locked nature of the variations is much clearer for the HARPS data that are of high quality and that have the best temporal sampling (and also precise radial velocities for what concerns the first moment). The patterns are not as well-defined for the other datasets. For this reason, we have grouped all the data into intervals of 0.05 in phase. The existence of a periodicity is supported by the fact that lines of the same element (Ti ii λ4564, 4572 and Y ii λ4900, 5663) vary in concert, albeit with more or less clarity depending on the line strength, the possible presence of unrecognised blends, and the robustness of the continuum normalisation. The line-to-line differences in the amplitudes (see, e.g., M 0 for Y ii λ4900, 5663) have a physical origin Fig. 9 . Fourier spectra for Y ii λ4900 of the four line moments (four upper panels) and mean Fourier spectrum for the pixelto-pixel variations across the line profile (bottom panel). The frequency detected in the CoRoT data (and its harmonics) are indicated as dashed lines, while the dotted lines correspond to 1-f 1 and 1+ f 1 . The fundamental frequency is indicated when a periodic signal is detected. and arise, for instance, from a different sensitivity to temperature changes. The large scatter of the He i λ4713 measurements may be attributed to the weakness of this line. Variations with a semi amplitude of typically ∼5% in the EWs and 1 km s −1 in the line centroid are observed for the variable features.
As a second step, we used FAMIAS to perform for the HARPS data a sinusoid fit of the time series of each moment through a least-square minimisation using the expression:
where F 0 is the zero point, A is the amplitude, and φ the phase. The frequency, f 1 , was held fixed at 0.7572 d −1 , while these three parameters were adjusted using the Levenberg-Marquardt algorithm.
For a set of lines for which a periodic signal was clearly detected in their moments, Table 3 shows the difference between the phase found and what was derived for the light curve, φ LC , using exactly the same fitting procedure. These results are illustrated in Fig. 11 . As can be seen, M 1 and M 3 are clearly correlated. This indicates that the centroid variations are primarily due to changes in the line shape and not to a general shift of the line Fig. 10 . Variations of the zeroth (top left panels), first (top right panels), second (bottom left panels), and third (bottom right panels) line-profile moments as a function of phase (circles: HARPS, squares: HERMES, triangles: UVES, and crosses: SARG data). For the zeroth and second moments, the data shown are normalised to the mean value for a given dataset. For the first and third moments, these are the deviations with respect to the mean value for a given dataset. The data have been grouped into 0.05-phase bins. The uncertainties are the 1-σ dispersion of the measurements within a given phase bin. Data points without error bars are based on a single measurement. Phase zero is fixed at maximum light according to the CoRoT light curve. Table 3 . Difference between the phase of the fitting functions for the line moments and for the light curve. profile as would arise from binary motion. On the other hand, there is a clear phase shift of ∆φ ∼ 0.25 compared to M 0 . This is best seen for Y ii λ4900 (Fig. 10) : while maximum EW corresponds to maximum light, the maxima of the line displacement in velocity occur at φ ∼ 0.25 and 0.75. The increase in the line strength close to maximum brightness is observed for all lines. However, noteworthy are the small phase shifts that appear to be present between different lines (compare in particular the behaviour of the Cr and Y lines in Fig. 11 ). We return to this point in the following. As illustrated in Fig. 9 , the average across the line profile of all the Fourier spectra corresponding to the pixel-to-pixel variations shows a significant signal at f 1 for some spectral features. Figure 12 shows for the HARPS data grey-scale plots of the variations displayed by lines pertaining to different elements as a function of phase. The variations are very subtle and are almost buried in the noise. However, one can discern an absorption bump (or, alternatively, a dip) moving redwards across the line profiles. In contrast to lines of strongly enhanced elements (Ti, Cr, Mn, and Y), there is no evidence of any variability above the noise level for species with near-solar abundances (He, Si, Mg, and Fe). The peculiar case of Hg is discussed below.
Similar to what has been done for the moments of the line profiles, we have used Equ. 1 to fit the variations affecting a given pixel across the line profiles. For the lines shown in Fig. 12 , a significant variability compared to neighbouring continuum regions is observed (Fig. 13) . The notable exception is Hg, which is strongly overabundant, yet no significant variability is detected for the line investigated (Hg ii λ3984). As already mentioned for the line moments (Fig. 11) and also hinted at by a close visual inspection of Fig. 12 , this analysis reveals a significant phase shift amounting to ∆φ ∼ 0.15 in the pattern of variability of Cr ii λ4559 compared to that of the other species investigated (see bottom panel of Fig. 14) . The variations were only confidently detected for velocities (in the stellar rest frame) ranging from about -45 to +45 km s −1 . As a result, the data shown in Fig. 14 for the phase are not reliable outside this range because the fit did not converge. Fig. 13 . Results of the fitting of the variations affecting a given pixel for a region encompassing the lines shown in Fig. 12 . The zero point and the amplitude of the fitting function are shown in each panel. The amplitude is arbitrarily shifted along the ordinate axis and multiplied by 30 for visibility purposes. To allow for a more robust normalisation of Hg ii λ3984, the red wing of Hǫ was used to define pseudo-continuum regions. Figure 15 shows the radial velocities calculated as the centroid (i.e., first moment) of the strong Mg ii λ4481 line. This line offers the double advantage of being the strongest metallic feature and the least affected by short-term velocity variations (see Fig. 10 ). There is clear evidence of long-term (monthly) changes demonstrating that HD 45975 is part of a binary system, as found for many HgMn stars (e.g., Catanzaro & Leto 2004; Schöller et al. 2010 Schöller et al. , 2012 ). Significant differences are found for HERMES and HARPS spectra secured some months to years Fig. 12 . Grey-scale plots of the time series of the residuals for a few selected spectral lines (Hg ii λ3984, Mn ii λ4137, Cr ii λ4559, Ti ii λ4572, and Y ii λ4900) in the case of the HARPS data. The leftmost panel illustrates the distinct behaviour of Hg ii λ3984. (Fig. 13 shows that the variations are not significant.) These residuals (the mean profile subtracted from the individual profiles) were binned to a 0.02 phase interval. A deficit of absorption appears brighter in these plots. The two vertical dotted lines show the velocities corresponding to ±v sin i (determined in Sect. 3.2). The lower panel presents the superposition of the individual profiles (mean profile overplotted as a dashed line). The spectra are displayed in the stellar rest frame. The cosmic-ray events falling in the line profiles have been removed during the period search (Sect. 3.3).
apart. This rules out an explanation in terms of instrument-toinstrument zero-point offsets (the fibre entrance aperture projected on the sky is 2.5 ′′ for HERMES and 1.4 ′′ for HARPS. The secondary is thus not the contaminating source discussed in Sect. 2.1). There is also evidence of a slight, gradual increase in the radial velocities by about 1 km s −1 during around the five months during which the star was intensively monitored. We attempted to estimate the parameters of the binary system, but more data are needed to confidently derive the orbital elements. There is no trace of the secondary in the integrated spectrum. The light ratio between the two components is high, so treating HD 45975 as a single star is legitimate when deriving the parameters and abundances (Sect. 3.2).
Discussion
Two points are of utmost importance when trying to identify the origin of the photometric and spectroscopic variations observed. First, the level of variability dramatically varies from one species to another. The elements whose lines display periodic variations in their moments or shape are those (with the notable exception of Hg discussed below) that are strongly overabundant with respect to solar (see Fig. 6 ): Ti, Cr, Mn, and Y. In contrast, the species with roughly solar abundances show no evidence of any such changes (He, Mg, Si, and Fe) . At least for the strong Mg ii λ4481 line, these variations are not masked by noise, and tight constraints can be placed on the level of any changes present.
In the case of classical B-type pulsators, the line-profile variations are essentially due to the surface velocity field that varies with time (e.g., De Ridder et al. 2002) . Similar variations affecting lines of all species, whether they are enhanced in the photosphere or not, would therefore be expected. However, the situation may be different in case of a strongly chemically stratified atmosphere. For the roAp stars, for instance, the short wavelength of the pulsation wave in the vertical direction, coupled with the line-formation regions being located at very different heights in the atmosphere, leads to orders of magnitude difference between the amplitudes of the different ions. The level of variability generally increases towards the upper atmospheric layers as a result of the decreasing density (e.g., Kochukhov 2008; Khomenko & Kochukhov 2009 ). One may expect a different response of the line profiles in the case of the SPB-like pulsations that could be present in HgMn stars (much longer pulsation periods, hence wavelength).
However, the lack of variability observed in HD 45975 for mercury (Figs. 10 and 13) is difficult to reconcile with this interpretation, since it would require that the Hg ii line-formation region is very different from that of the other ions displaying an overabundance. This is at odds with the predictions of non-magnetic diffusion models, which indicate that Ti, Cr, Mn, and Hg should all accumulate 7 in the upper atmosphere layers for a HgMn star with a T eff similar to that of HD 45975 (Alecian & Stift 2010 ; see also LeBlanc et al. 2009 ). We notice, however, that the run of the abundances as a function of depth in the photosphere differs from one element to another, since the buildup of the stratifications, which is non-linear and timedependent, depends on the atomic properties of each element (as discussed by Alecian et al. 2011 ). In the context of abundance spots, the lack of variability for Hg in HD 45975 might be attributed to geometrical effects (implying that the spot morphology differs from that of the other species) and/or a distribution of mercury at the surface that is more uniform than for Ti, Cr, Second, a phase shift amounting to ∆φ ∼ 0.15 (or about 5 hours) is observed between the patterns of variability of Cr and that of Ti, Mn, and Y (Figs. 11, 12, and 14) . Such a phenomenon (known as the "Van Hoof" effect) is observed in classical pulsators with a high-amplitude dominant mode and is interpreted as a running shock wave propagating through the atmosphere and reaching the line-formation regions of the various ions at different times. This leads to time lags of minutes for stars without very extended atmospheres, such as δ Scuti (e.g., Mathias et al. 1997) or β Cephei (e.g., Mathias & Gillet 1993) stars.
Perhaps more relevant to the present case is to discuss the observations of the roAp stars where the pulsation wave propagates outwards through a strongly chemically stratified medium (keeping in mind that these stars possess very strong magnetic fields unlike the HgMn stars). The running (magneto)acoustic wave is found to travel at a velocity comparable to the sound speed in the outer atmosphere, and the time lags are once again much shorter than observed here (a few minutes, e.g., Ryabchikova et al. 2007 ). Based on these timescale considerations, it is therefore very unlikely that the time lags observed in HD 45975 can be attributed to a running pulsation wave. Furthermore, an additional requirement that is hard to justify on theoretical grounds would be that the Cr ii line-formation region is spatially distinct from that of Ti ii, Mn ii, and Y ii. One may speculate that the phase lag exhibited by Cr ii λ4559 is instead due to chromium spots that are separated in longitude by about 60 degrees compared to those of titanium, manganese, and yttrium.
The spectral pattern of variability consists in an excess absorption component moving from blue to red across the line profile. In addition, the EW and centroid variations are shifted in phase by (about) one quarter of a cycle, and maximum EW occurs close to (or at) maximum light. This is also more naturally explained by patches at the stellar surface producing excess light when they pass through the central meridian and creating a component with excess absorption travelling across the line profile as they are carried by stellar rotation. The period found (1.321 d) is compatible with the rotational one according to our v sin i and radius estimates. Specifically, assuming v sin i = 61±2 km s −1 and R = 1.8±0.5 R ⊙ (Sect. 3.2) restricts the inclination angle with respect to the line of sight, i, to be higher than about 45
• . A star seen near equator-on is consistent with its v sin i being rather high for a HgMn star (Smith 1996) .
There is mounting evidence that spatially-extended abundance spots can exist in the photospheres of HgMn stars. A patchy surface distribution of some chemical species has first been firmly established from the detection of large, daily changes in the strength of Hg ii λ3984 in the primary component of α And (Adelman et al. 2002) , but has also been subsequently found in other HgMn stars (e.g., Kochukhov et al. 2005; Briquet et al. 2010; Hubrig et al. 2011) . To date, Doppler imaging techniques have been used to infer the distribution (and evolution) of chemical spots in four B stars with HgMn peculiarity: AR Aur A (Hubrig et al. 2006; Savanov et al. 2009; Hubrig et al. 2010 Hubrig et al. , 2011 Hubrig et al. , 2012 , 66 Eri A (Makaganiuk et al. 2011b) , α And A (Adelman et al. 2002; Kochukhov et al. 2007) , and φ Phe (Makaganiuk et al. 2012; Korhonen et al. 2013) . All the stars discussed here are slow or moderately fast rotators with equatorial velocities below 55 km s −1 and rotation periods in the range 2-10 days. The diversity of behaviours observed and the very limited number of objects investigated in detail obviously do not allow us to anticipate what spot morphology might be expected for HD 45975. Furthermore, it should be kept in mind that the spot distribution may change on a monthly/yearly timescale Hubrig et al. 2010 Hubrig et al. , 2012 Korhonen et al. 2013) , and that the presence of a close companion might have a profound effect on the spot morphology (e.g., Hubrig et al. 2006; Makaganiuk et al. 2011b ). However, the sinusoidal character of the photometric and spectroscopic changes suggest a rather simple spot configuration at the time of the observations. That the lines of Ti, Mn, and Y vary in phase indicates that the abundance spots of these species lie at roughly the same stellar longitude, as found for various elements in other HgMn stars (Makaganiuk et al. 2011b (Makaganiuk et al. , 2012 Korhonen et al. 2013) .
In stars with strong, organised magnetic fields and with diffusion processes at work (e.g., the classical Ap/Bp stars), the transport of the ionised species along the field lines is amplified and leads to a large-scale inhomogeneous distribution of some elements at the surface. The formation of abundance spots in HgMn stars might be related to the existence of weak magnetic fields (e.g., Alecian 2012), but such fields still need to be detected. Spectropolarimetric observations have not been attempted so far for HD 45975, and it is therefore unclear how the spots are created in the first place and then sustained.
Conclusions
Although our data are too sparse to constrain the binary orbit, our measurements show that HD 45975 is part of a single-lined binary system with a period of months to years. We have presented evidence of monoperiodic variations (with a period of 1.321 d) in the photometric and spectroscopic datasets. The amplitude of the variations observed in the CoRoT light curve is comparable to what has previously been reported in other HgMn stars from space observations (Alecian et al. 2009; Balona et al. 2011 ). On the other hand, the level of line-profile variability is lower than observed for most HgMn stars (see, however, the case of µ Lep; Kochukhov et al. 2011) .
These changes are more compatible with the rotational modulation of abundance spots on the surface. Their existence has already been firmly established in other HgMn stars. As discussed above, a spotted photosphere can be more easily reconciled with: (i) the level of spectral variability which varies widely from one element to the next and is below our detection limit for mercury and (ii) the phase lag between the patterns of variability presented by different ions. These arguments rest to a large extent on our current theoretical understanding of the photospheres of these stars, so more realistic calculations are needed to put our conclusions on a firmer footing. Developing physical models of a spotted HgMn star to reproduce the line-profile and photometric changes observed is also required to address the validity of our hypothesis. If we accept this interpretation, our observations place tight upper limits on the amplitude of any variations arising from pulsational instabilities in HD 45975 and suggest that they are unlikely to produce photometric variations above the ∼50 ppm level (see Fig. 4 ). Such stringent observational constraints may lead to better understanding of the excitation and damping of pulsation modes in HgMn stars (Turcotte & Richard 2003; Alecian et al. 2009 ).
